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[57] ABSTRACT 

The pricing module of the present invention provides a 
single module that models both fixed- income securities and 
equity securities into the future in an arbitrage- free model. 
Because the modeling includes both fixed-income securities 
and equity securities that are modeled based on common 
input state variables and does not allow arbitrage conditions 
between the fixed-income securities and the equity securities 
(as well as no arbitrage within a security class), the present 
invention provides an improved pricing module as compared 
to those in the prior art. 

51 Claims, 4 Drawing Sheets 
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PRICING MODULE FOR FINANCIAL 
ADVISORY SYSTEM 

HELD OF THE INVENTION 

The present invention relates to financial advisory J 

systems, and more particularly to a pricing module for / 

financial analysis and advisory systems. / 

BACKGROUND ' 

A pricing module is a computer program or a part of a 
computer program used to estimate future prices for one or 10 
more assets. Pricing modules use various economic or 
empirical financial models (a special class of which is 
known as pricing kernels) to generate price estimates. Inputs 
to pricing modules typically include economic variables 
such as interest rates, inflation, foreign exchange rates, etc. 35 
Outputs from the pricing modules are one or more estimated 
prices for assets priced at one or more future dates, as well 
as predictions for other economic variables. Thus, pricing 
modules are used to determine a projected future value of 
assets based on the economic factors used as inpuu. ^ 

Many prior art pricing modules are based on models of the 
term structure of interest rates. Such models are typically 
based on the economic model disclosed in "An Intertempo- 
ral General EquiUbrium Model of Asset Prices/* Economet- 
rica 53, 363-384 (1985) and "A Theory of the Term Struc- 
ture of Interest Rates," Econometrica 53, 385^8 (1985) 
both by J. C. Cox, J. E. Ingersoll and S. A. Ross. More 
recently, in "A Yield-Factor Model of Interest Rates," Math- 
ematical Finance 6, 379-406 (1996) by D. Duffie and R. 
Kan, a class of afiSne term stmcture models where the yield 
of any zero-coupon bond is an affine function of the set of 30 
state variables was disclosed. The model disclosed by Duffie 
and Kan is an arbitrage-free model. Arbitrage is the simul- 
taneous purchase and sale of the same, or similar, assets in 
two different markets for advantageously different prices. 
The absence of arbitrage in a pricing module is desirable 35 
because this prevents an investor from making "free 
money". 

In a pricing module disclosed by Duffie and Kan, the 
afBne model is fully characterized by a set of stochastic 
processes for state variables and a pricing kernel. The ^0 
pricing kernel is a stochastic process that limits the prices on 
the assets and payoffs in such a way that no arbitrage is 
possible. However, these pricing modules and models on 
which they are based typically use state variables that are 
either particular asset yields or assumed and unobserved ^5 
factors without a clear economic interpretation. Empirical 
applications of these affine models to interest rate data and 
foreign exchange data are well known in the art. See, for 
example, "An Affine Model of Currency Pricing," a working 
paper (1996) by D. Backus, S. Foresi and C. Telmer and 50 
"Specification Analysis of Affine Term Structure Models," a 
working paper (1997) by Q. Dai and K. K. Singleton. 

Prior art pricing modules, however, have had little appli- 
cation beyond term structure modeling. Thus, a need exists 
for a pricing module that provides term structure modeling 
as well as equity modeling. More specifically, by using a 
term structure that varies stochastically over time in a 
partially predictable manner, models of the term structure 
may also be used for equity valuation. By applying a pricing 
module approach to both bonds and equities, the present 
invention provides a simple and unified arbitrage -free 
approach to pricing both fixed-income securities (e.g., 
bonds) and equity securities (e.g., stocks). 

SUMMARY OF THE INVENTION 

A met hod and apparatus for pricing equity securities and . 
^ fixe^^Tncome securities having a noarbitrage constraintJs- 
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disclQ sed-4n one embodiment of the present invention, 
fiised-income security pricing is based on an inflation value, 
a real rate value and a tenn structure risk parameter. Equity 
security pricing is based on the inflation value, the real rate 
value, the term structure risk parameter value, a dividend 
growth value, and an equity correlation parameter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fiilly'from 
the detailed description given below and from the accom- 
panying drawings of various embodiments of the invention, 
which, however, should not be taken to limit the invention 
to the specific embodiments, but are for explanation and 
understanding only. 

FIG. 1 is one embodiment of a block diagram of a 
financial analysis tool the may incorporate the present 
invention. 

FIG. 2 is one embodiment of a flow diagram for pricing 
fixed-income securities and equity securities according to 
the present invention. 

FIG. 3 is one embodiment of a client-server system upon 
which the present invention may be implemented. 

FIG. 4 is one embodiment of a computer system upon 
which the present invention may be implemented. 

DETAILED DESCRIPTION 

A method and apparatus for arbitrage -free pricing of 
fixed-income securities and of equity securities is described. 
In the following description, numerous details are set forth, 
such as particular assets, functional units, equations, etc. It 
will be apparent, however, to one skilled in the art, that the 
present invention may be practiced without these specific 
details. In other instances, well-known structures and 
devices are shown in block diagram form, rather than in 
detail, in order to avoid obscuring the present invention. 

The pricing module of the present invention provides a 
single module that models both fixed-income securities and 
equity securities into the future in an arbitrage-free model. 
Because the modeling includes both fixed-income securities 
and equity securities that are modeled based on common 
input state variables and does not allow arbitrage conditions 
between the fixed-income securities and the equity securities 
(as well as no arbitrage within a security class), the present 
invention provides an improved pricing module as compared 
to those in the prior art. 

Overview of a Pricing Module Theoretical Structure 

In one embodiment, the pricing module of the present 
invention provides an arbitrage-free stochastic affine term 
model for fixed-income security and for equity security 
pricing projected in the future. In contrast to typical prior art 
pricing modules using affine term structures, the present 
invention includes state variables that are economic vari- 
ables (e.g., inflation, real rate, dividend growth) having 
economic equilibrium underpinnings. The model of the 
present pricing module combines a real economic equilib- 
rium setting with a specification for inflation adjusted pric- 
ing of dollar denominated assets. In addition, the pricing 
module of the present invention provides a unified arbitrage- 
free environment for pricing both fixed-income and equity 
securities. The pricing module is specified so that the model 
can be supported in equilibrium by an exchange economy as 
disclosed in "Asset Prices in an Exchange Economy," 
Econometrica 46, 1426-1446 (1978) by R. E. Lucas, Jr. or 
a production economy as described in "Real and Nominal 
Interest Rates: A Discrete -Time Model and its Continuous- 
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Time Limit," Review of Financial Studies, 5, 581-612 Based on the foregoing, it can be seen that the pricing 

(1992) by T-S Sun. module of the present invention applies a novel modeling 

In one embodiment, the model used by the pricing module technique to provide both stock and bond pricing within a 

of the present invention is a three -factor affine term structure single arbitrage-free structure. These pricing data may be 

model and a quasi -affine present value relation for stocks. $ ^sed, for example, in a financial advisory system that models 

By a quasi-afBne relation for stocks, what is meant is an ^ssct valuation based on factor models or other types of 

expression for the equilibrium price to dividend ratio can be simulation to project a future valuation for one or more 

expressed as a sum of exponentials of affine functions. Thus, ^^^js. Because the pricing module of the present invention 

the model is capable of deriving valuation funOions for provides both stock and bond pricing in an arbitrage-free 

bonds via a term stmcture and equity returns. The term environment, a wider range of assets may be simulated with 

strucUire model is different than "An Arbitrage Model of . ^ „f .„„„Jr^„ ^.th^r 

Term Structure of Interest Rates," Journal of Financial ^ g^^f ^ ^^^^^^^^ '"'^'"^ ^^^^^ 

Economics, 6, 33-57 (1978) by S. Richard and "Real and possiDle. , . • i • 

Nominal Interest Rates: A Discrete-Time Model and its Oycrvicw of One Embodimen of a Fmancial Advisory 

Continuous-Time Limit," Review of Financial Studies, 5, System Havmg a Pricing Module 

581-612 (1992) by T-S Sun. For example, the model dis- 15 FIG. 1 is one embodiment of a block diagram of a 
closed by Sun assumes that endowment growth, inflation, financial advisory system in which a pricing module accord- 
and expected inflation follow different stochastic processes mg to the present invention may be used. Generally, the 
than those described below. The model disclosed by Richard financial advisory system includes a parameter module that 
is substantially different than the present invention in that the provides inputs to the pricing module and a simulation 
pricing kernel of Richard is implicit and relies on prices for 20 module that receives outputs from the pricing module to 
two exogenously determined bonds. In addition, the price of perform financial advisory functions. The simulation mod- 
risk is treated differently in the model of Richard than in the ule provides input to a portfolio optimization module that 
present invention. In one embodiment, the pricing module of determines one or more optimal portfolios, 
the present invention provides an accurate approximation of Parameter module 100 provides inputs such as inflation 
the price to dividend ratio to greatly increase the speed at 25 data, interest rate data, dividend data, etc. to pricing module 
which the price to dividend ratio is determined as compared hq Qf course, parameter module 100 may provide data in 
to calculating a sum of exponentials. addition to, or other than, the data listed. Parameter module 
The output of the pricing module of the present mvention jqq provide sensitivity data for particular assets 
is more general than the model disclosed by "Inflation, Asset ^.^j^ ^ ^ particular input data, such as how sensiUve 
Prices and the Tenn Structure of Interest Rates ^^^^^^^ ^^^^^ .^^^^^^^ ^^^^^ 

^lo'^f.^K'^'r^ h Tv"'ru A e 'r^J'^l embodiment, parameter module 100 resides on a server that 

(1996) by G S. Bakshi and Z. Chen and f^cUaates an ^^^^^^^ b/a cUent device having a pricing module, such 

empincal analysis using stock market data because the Roll avvv^ u j .1, 1 Ki^^K«„,o™ot^,J^^,.i« 

critique as disclosed in the Journal of Financial Economics f P"^>^g ^^.^^^ ^^/^ '/n' i^' both parameter module 

in March 1977 is avoided. In the model disclosed by Bakshi !*>*> and pncing module 110 reside on the same computer, 

and Chen, dividend growth process depends on two exog- 35 Pricing module 110 receives data from parameter module 

enous square root processes, which do not have a clear 100 and generates pncing data for one or more assets. In one 

economic interpretation. As mentioned above, the present embodiment, pricing module 110 generates pricing data for 

invention models an economy with state variables having three assets (e.g., short-term bonds, long-term bonds and 

economic equDibrium underpinnings. The model on which U.S. equities). These assets are used as core assets by 

the pricing module of the present invention is based is 40 simulation module 140 for simulation functions, 

general and provides a valuation model with many applica- Alternatively, the core assets may be different types of 

tions in various areas of asset pricing. In one embodiment, assets, such as U.S. equities and bonds (making no distinc- 

short-term and long-term nominal and real bond pricing is tion between short-term and long-term bonds). Of course, a 

provided along with stock pricing; however, other assets different number of core assets may also be used, 

may also be priced, for example, mutual funds, warrants, 45 In one embodiment, pricing module 110 generates a 

stock options and other derivative equity securities. number of asset scenarios. Each scenario is an equally likely 

The pricing module of the present invention is calibrated outcome based on the inputs to financial advisory system 10. 

to replicate historical moments of interest rates, bond By generating a number of scenarios with pricing niodule 

returns, stock returns and other economic variables. The 110, financial advisory system 10 generates statistics for 

outputs potentially satisfy predictability according the 50 different projected asset valuations. For example, financial 

mean-reversion as disclosed in "Permanent and Temporary advisory system 10 may provide confidence intervals for 

Components of Stock Prices," Journal of Political Economy each projected asset valuation. 

(April), 246-273 (1988) by E. R Fama and K. R. French and In one embodiment, simulation module 140 has two 

"Mean Reversion in Stock Prices: Evidence and primary parts: simulation factor module 120 and simulation 

Implications," Joumal of Financial Economics, 22, 27-59 55 style analysis module 130. Simulation factor module 120 

(1988) by J, Poterba and L. Summers. Outputs of the pricing receives core asset pricing data from pricing module 110. In 

module also potentially satisfy predictability of inflation and addition, simulation factor module 120 receives parameters 

nominal interest rates as disclosed in "Asset Returns and from factor parameter module 115. Factor parameter module 

Inflation," Journal of Financial Economics, 5, 115-146 by E. 115 maps historical factor returns onto historical core asset 

F. Fama and W. G. Schwert, prcdictabflity using dividend 60 returns. The historical factor analysis performed in factor 

yields as disclosed in "Dividend Yields and Expected Stock parameter module 115 is weU known in the art and is not 

Returns," Journal of Financial Economics (October), 3-26 described in greater detail herein. Simulation factor module 

(1988) by E. F. Fama and K. R. French and predictability 120 utilizes the historical relationship determined in factor 

through term spreads as disclosed in "Time -Varying Con- parameter module 115 and utilizes core asset pricing data 

ditional Covariances in Tests of Asset Pricing Models," 65 from pricing module 110 to simulate future factor prices. 

Journal of Financial Economics, 24, 289-317 (1989) by C. Simulation style analysis module 130 receives factor asset 

R. Harvey. pricing data from simulation factor module 120. In addition. 
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simulation style analysis module 130 receives parameters _ rec eive state variable 
from style analysis parameter module 125. Style analysis 
parameter module 125 maps historical mutual fund returns 
onto historical factor asset returns. The historical style 
analysis performed in the style parameter module 125 is well 
known in the art and is not described in greater detail herein. 
Style analysis parameter module 125 may perform the 
functions as described in "Asset Allocation: Management 
Style and Performance Measurement/* by William F. 
Sharpe, Journal of Portfolio Management, Vol. 18, No. 2, 
which is hereby incorporated by reference. Simulation style 
analysis module 130 utilizes the historical relationship deter- 
mined in style analysis parameter module 125 and utilizes 
factor asset pricing data from simulation factor module 120 
to simulate future mutual fund prices. 

Outputs of style analysis module 130 are provided to 
portfolio optimization module 150, which determines one or 
more optimal portfolios based on input provided to financial 
advisory system 10. Portfolio optimization may be per- 
formed in any manner known in the art and is not central to 
the present invention. 

Further description of a financial advisory system is 
disclosed in a U.S. Patent application entitled "FINANCIAL 
ADVISORY SYSTEM," appHcation Ser. No. 08/982,942, 
filed on Dec. 2, 1997, and a U.S. patent application entitled 
"USER INTERFACE FOR A FINANCIAL ADVISORY 
SYSTEM," appUcation Ser. No. 08/988;226, filed on Dec. 
10, 1997, now U.S. Pat. No. 5,918,217, both of which are 
assigned to the corporate assignee of the present invention. 
Pricing Module Embodiment 

In one embodiment, the pricing module incorporates term 
structure information and equity pricing information. Inte- 
grating the dividend process with the other parameters 
ensures that an arbitrage free result is obtained across both 
stocks and bonds. In addition, relationships between stocks^ 
■Jfnnds a gd interest rates are arbitrage free . This provides the 
abihty to generate expected return scenirios along different 
asset classes in a way that is coherent and consistent with 
financial and economic theory. 

In one embodiment, the pricing module receives as inputs 
three state variables and two free parameters. The state 
variables are: inflation (jc); real rate of interest (x); and 
dividend growth (Ad). The free parameters are: term struc- 
ture risk (X) and an equity correlation (p). From these inputs, . 
outputs for bond pricing and stock pricing are generated for 45 1 . 
multiple terms. 

In one embodiment, the pricing module outputs three) ; 
values: short-term bond pricing, long-term bond pricing and 
stock pricing . Alternatively, a subset of these outputs may be 
output, lor"example, stock pricing and bond pricing may be 
output, or short-term and long-term bond pricing may be 
output. In gene ral, any asset which can be pricedj ^n^^^ ^ 



6 

data 



from a server device. 



rp^Alternatively, pricing module 110 may receive state variable 
data from another portion of the computer on which pricing 
module 110 resides, such as from random access memory 
I j ^(RA M), a hard disk, or other storage devices, 
^-^^^n step 220, pricing module 110 receives free variable 
data. In one embodiment, free variable data includes a term 
structure risk parameter and an equity correlation a atameter. 
Of coursei^ oUier tree variaDies could also be used. As with 
the state variable data, free variable data may be received 
from a server or the computer in which pricing module 110 
resides. The step of receiving state variable data and the step 
of receiving free variable data are shown and described as 
distinct steps because the respective data may be received 
from different sources. However, if the state variable data 
and the free variable data are received from a common 
source steps 210 and 220 may be combined. Also, the order 
of steps 210 and 220 may be reversed. 

In step 230, pricing module 110 generates multiple sce- 
narios for the assets priced. In one embodiment, pricing data 
is generated for many hundreds of scenarios. A scenario is 
a set of projected future values for core assets. Multiple 
scenarios are generated so that statistical data can be gen- 
erated for future values of the core assets. 

According to one embodiment the three state variables 
used by pricing module 110 are infla_lion,-sh ort-term red jate 
anddiyidcnd-gFewth. Each of these functions incluHes a 
shfiScterm, or innovation term, that provides a measure of 
randomness such that multiple scenarios may be generated 
by pricing module 110. 

T he pric^pg data for the core assets can h e. nsfiH in a 
vari ety ot ways, including^ hut not limited tn th g siimilatinns 

aiSCUSSea aOOVe Vt^itb r^cppTt fr> finanr'i Ql QHvi-gr.ry ^^y^^ff^ny lA 

ot mG. 1. The data output by pricing module 110 may be 
used without further processing to project future values for 
the particular assets for which pricing module 110 generates 
pricing data. I n addition the data output b y tb*' pr^ng 
module 110 may be used to generate derived statistics for the 
particular assets, including but not limited to sta ndard 
deviatin ns, cnva nances^ cnrrel atinn<i anH p^yrf-nfilps nf the 
re tura,QrLurir.e. dist ributio ns. 
A. Inflation 

In one embodiment, inflation is modeled as a hcterosk- 
edasiic stochastic process. Aheteroskedastic stochastic pro- 
cess is a random variable, indexed by ,ynQe_whe££j;axiails;e 
may-efeatlge^oveT time. Aheteroskedastic stochastic process 
can allow for larger changes when the function has a larger 
^value and smaller changes when the function value is 
smaller. For example, using the process described below, 
when inflation is 20%, the change between the current value 
and the next future value is potentially larger than when 
inflation is 3%. In one embodiment, inflation at time t+1 is 
determined according to: 



20 



25 



30 



35 



4C 



the-^t ate v aTia Sles received as inputs may also be outpu t. 
Modelingjiay be pertorm e^ in f^if^^ ^r a discrete -time erivi- 



rnnmp.nf n r a_ contmuous-tim f '^""'^^nmi^nl 

FIG. 2 is one embodiment of a flow diagram for pricing 
fixed-income securities and equity securities according to 
the present invention. In order to simplify the description of 
the pricing module, a brief overview of the steps performed 
is given with respect to FIG. 2 and a more detailed descrip- 
tion including specific embodiments is provided thereafter. 

Processing starts with step 200. Pricing module 110 (not 
shown in FIG. 2) receives state variable data in step 210. In 
one embodiment, state variable data includes data related to 
inflation, the real rate and dividend growth. Of course, other 
or alternative data may also be received. As mentioned 
above, pricing module 110 may be on a client device and 



Equation 1 



60 



65 



where is a constant term, o, is_a first-order autoco rrela- 
tio n ialso called a serial correlatio n") for the observed infla- 
tion over a period of time, is an inflation value for time t, 
0*^ is selected such that the standard deviation o f predicted 
inflation values approximate the standard deviation of the 
observed inflation over a period of time, and e,^^" is a shock 
term chosen by a standard normal random variate function. 
Of course, other heteroskedastic stochastic processes may be 
used as well as other types of functions to predict inflation 
values. 

Using Equation 1, only a starting value for inflation along 
with the constant term, the first-order autocorrelation for 
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inflation and the standard deviation value are required for 
modeling inflation. Because Equation 1 is a heteroskedastic 
stochastic process, it is related to past values and kept within 
certain ranges such that the inflation values do not get 
unreasonably high or unreasonably low. 5 

The constant term implies projected mean inflation values 
within the range of historically observed inflation values and 
is related to the unconditional mean of observed inflation 
over a period of time by 

M^I-pA, Equation 2 10 

where ^ is the unconditional mean of observed inflation 
over a period of time. In one embodiment, 45 years of 
inflation data is used to determine the unconditional mean of 
historically observed inflation and the tmconditional mean 
for historical inflation is 3.5%. Of course other time periods 15 
could be observed and other values could be used for 
historical inflation. The unconditional mean for historical 
inflation may be updated periodically as new data become 
avaflable. A heteroskedastic or other type of inflation pro- 
cess could also be derived without the use of an uncondi- 
tional mean for historically observed inflation. 

The first-order autocorrelation value for observed infla- 
tion is determined over the same period of time as for 
determining the historical mean for inflation and provides an 
indication of how persistent inflation tends to be from period 
to period. When inflation is above (or below) its uncondi- 
tional mean, the process output tends to move toward the 
unconditional mean. In one embodiment, the first-order 
autocorrelation value is 0.75; however, other values may 
also be used. The first-order autocorrelation value is multi- 30 
plied by the inflation value for the past time period (jt,) so /^"(^-PxK 
that predicted values of inflation behave in a similar manner 
as observed historical inflation values. 

The value for &^ is not a standard deviation value based 
on historical data for inflation. The value for o*^ is chosen so 3s 
that the standard deviation for predicted inflation values 
(i.e., the results from Equation 1) approximate the standard 
deviation for observed inflation over the period of time used 
to determine the unconditional mean for inflation and the 
first-order autocorrelation for inflation. In one embodiment, 40 



wishes to use the pricing module. Alternatively, inflation 
values may be projected locally each time a user wishes to 
use the pricing module. 
B. Real Rate 

In one embodiment, the real rate is a heteroskedastic 
stochastic process. The equation for real rate is in the same 
form as the equation for inflation discussed above. Thus, a 
starting value for real rate, a constant term, a first -order 
autocorrelation value and a standard deviation value are 
used to model the real rate. In one embodiment, the real rate 
is determined according to: 



Equation 4 



20 



25 



where //^ is a constant, is a first-order autocorrelation of 
the observed real rate of mterest over a period of time, Xt is 
a real rate value for time t, a* is selected such that a standard 
deviation of predicted real rate values approximate the 
standard deviation of the observed real rate of interest over 
a period of time, and t,^^^ is a shock term that is distribute 
as a standard normal variate. Of course, a different heterosk 
edastic stochastic process could be used as well as oth 
types of functions to predict real rate values. 

The constant and the first-order autocorrelation for thje 
real rate are determined in the same manner as the constant 
and the first-order autocorrelation, respectively, for inflatioi 1. 
In one embodiment, flie value of the unconditional mean f(}r 
the real rate is related to the constant by 



Equation 

where Jl^ is the unconditional mean of the observed real rate 
over a period of 45 years; however, other values and time 
periods may also be used. 
As with &. 

standard deviation of Equation 4 consistent with the stan 
dard deviation of the historically observed real rate. In oni; 
embodiment, 



the value for 0*^^ is determined to maintain Ih ; 



Equation 3 



-Pi) 



Equation 



45 



where is the standard deviation of observed inflation over 
a period of time and //„ is the unconditional mean of 
observed inflation over a period of time. 

The value of a'„ ts multiplied by the square root of the 
previous value of inflation as determined by Equation 1. The 
term cr'^VJiJe^^.i'* makes Equation 1 a heteroskedastic sto- 
chastic process. The standard deviation of the function is 
scaled by a square root of a previous value of the function 
to keep the function from maintaining an excessively high or 
excessively low value. 

The final variable in Equation 1 is a shock term (e.r^i'^ that 
is distributed as a standard normal variate. In other words 
e,^i" is drawn from a standard normal distribution with a 
mean of 0 and a standard deviation of 1. A value is selected 
for each evaluation of Equation 1. This shock term gives 
Equation 1 an unpredictability component. Because of the 
structure of Equation 1 and the fact that Equation 1 is a 
heteroskedastic stochastic process, the shock term does not 
force unrealistically high or unrealistically low values for 
the inflation process. 

In one embodiment, the values for inflation are deter- 
mined on a server and downloaded to a client when a user 



50 



55 



60 



where is the standard deviation of the implied real rat ; 
over the period of time and ^ is the unconditional mean o|f 
the implied real rate over the period of time; however, other 
values may also be used. 

Equation 4 also includes a shock value for the real rate 
(e^^i^. This term is also distributed as a standard normal 
variate. It is important to note that e^+j^^ is independent o^ 
€,^i". This is done so that the shock term for inflation does 
not affect the shock term for the real rate. Alternatively, the 
terms e^^^^ and 6,+^" may be correlated in such a manner that 
is observed between the historical real rate and historical 
inflation. | 

Furthermore, in one embodiment, calibration of the real 
rate parameters described above is based on observed short| 
term nominal interest rates and inflation. In one 
embodiment, the short-term nominal rate, r„ is determined 
according to the Fisher Hypothesis; 



Equation 7 



65 



Thus, historical values of the real rate can be determined by 
the historical values for inflation, the nominal rate of interest 
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and parameter values of inflation. These inaplied historical 
values of the real rate can be utilized to calibrate the real rate 
process described above. 

The short-terra nominal rate is approximately equal to the 
real rate plus expected inflation. Because inflation is deter- 
mined by Equation 1 and the real rate is determined by 
Equation 4, simulation of the short-term nominal rate may 
be performed according to Equation 7 with the only addi- 
tional data needed being a variance for inflation (0*^^), the 
constant term for the inflation process, and the autocorrela- 
tion value for the inflation process. 

In one embodiment, real rate values are determined and 
stored on a server where a client may download the values 
when using the pricing module. Alternatively, real rates may 
be determined on a user's computer, such as a desktop 
personal computer. 

C. Dividend Growth 

In one embodiment, dividend growth is a homoskedastic 
stochastic process. A homoskedastic stochastic process is 
one that has a constant variance over time. Because dividend 
growth has a constant variance that is not related to past 
values as is the case with a heteroskedastic stochastic 
process, the values for dividend growth may fluctuate more 
widely than the values of inflation and the real rate. In one 
embodiment, dividend growth is determined according to: 



Equation 8 



where is a constant term, is a first-order autocorrelation 
for the observed dividend growth over a period of time, Ad, 
is a dividend growth value for time t, &^ is selected such that 
the standard deviation of predicted dividend growth values 
are approximately equal to the standard deviation of 
observed dividend growth for the period of time, and e^^i^^^ 
is a value that is distributed as a standard normal variate. Of 
course, other homoskedastic processes as well as other types 
of processes, for example, processes embedding stochastic 
volatility, may be used to determine dividend growth. 

The value for the constant and the value for the first-order 
autocorrelation for observed dividend growth are deter- 
I mined in the same manner as the mean values and autocor- 
\ relation values discussed above with respect to inflation and 
i the real rate. In one embodiment, the constant is 



1 



10 



15 



20 



25 



30 



35 



Equation 9 



jvvhcre Jij is the unconditional mean for observed dividend 
growth over a period of time. In one embodiment, the period 
of time is 45 years. 

! In a similar manner as Equations 1 and 4 discussed above, 
a'^ is determined such that the standard deviation of Equa- 
tion 8 approximates the observed standard deviation of 
dividend growth over a period of time. In one embodiment. 



45 



50 



Equation 10 



55 



Equation 8 also includes a shock value (e^^j^ for dividend 
[growth. In one embodiment, t^^^^ is independent of €,^1^^ and 
tf^i". Alternatively, e^^/ may have some kind of correlation 
with c,^i^ and/or e,^i''. 

D. Term Structure Risk Parameter 

The free parameter associated with term structure risk is 
one of two free parameters in the pricing module. These free 
parameters are used to fine tunc the pricing module so that 
projected results match historical results within an accept- 
able degree of accuracy. In one embodiment, the term 
structure risk parameter (X,) is determined as approximately 
equal to the slope of a yield curve at a particular time. 
Conceptually, the term structure risk is the risk premium 
people require to hold longer period bonds compared to 
shorter period bonds. Alternatively, other types of values 
may be used for term structure risk. 

In one embodiment, the term structure risk parameter is 
determined empirically, such that the outputs of the pricing 
module match historical values. This may be done, for 
example, by starting at some historical point of time and 
projecting values for some historical period of time. The 
outputs are then compared to observed values for the same 
historical period. The term structure risk parameter may then 
be modified and the process repeated until the output of the 
pricing module is sufficienfly accurate. 

E. Equity Correlation Parameter 

The equity correlation parameter is the second of two free 
parameters in the pricing module. In one embodiment, the 
equity correlation parameter (p) is determined as the corre- 
lation between dividend growth and the pricing kernel 
(discussed below). The equity correlation parameter is deter- 
mined in the same manner as the term structure risk param- 
eter discussed above. 

The term stmcture risk and the equity correlation param- 
eters are adjusted empirically to generate simulated outputs 
consistent with observed historical values of key economic 
variables (or for particular historical moments of key eco- 
nomic variables). In one embodiment, the term structure risk 
parameter is set at 6.5 and the equity correlation parameter 
is set at -0.25; however, other values may be used. These 
values are updated periodically so that outputs of the pricing 
module reflect observed historical moments of key eco- 
nomic variables. 

F. Real Pricing Kernel 

In one embodiment, pricing of assets is accomplished 
with a pricing kernel (or stochastic discount factor). A real 
pricing kernel, M,, is a positive stochastic process that 
ensures that all assets (j=l,2, . . . ,n) are priced such that 

l-£[(l+^,,,,i)^,,J Equation 11 

where R,-,+i is the percentage real return on asset i over the 
period from t to t+1 and E represents an expectation opera- 
tor. The existence of such a pricing kernel is ensured in any 
arbitrage free economy. In one embodiment, the real pricing 
kernel is 



where is the standard deviation of observed dividend 
growth over the period of time. Of course, other values may 
also be used. 

It is important to note that <fj is not multiplied by a past 60 
dividend growth value. This is because Equation 8 is a 
homoskedastic process wherein future variance of dividend 
growth values are not related to the preceding values for 
dividend growth. In real economies, the variance of dividend 
growth is generally not based on past dividend growth and 65 
dividend growth experiences more fluctuations than infla- 
tion and the real rate. 




Equation 12 



where 

rfi,^i»ln(J^,^i). Equation 13 

G. Nominal Pricing Kernel 

In order to price nominally denominated assets, a nominal 
pricing kernel is used. Under the nominal pricing kernel, 
M^i, all assets (j-1,2, . . . , n) are priced such that 
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Equation 14 



where Ri i^i is the percentage nominal return on asset i over 
the period from t to t+1. In one embodiment, the logarithm 
of the nominal pricing kernel, mf^j-ln(M,^i) is the loga- 5 
rithm of the real pricing kernel minus inflation 



12 



Equation 26 



Thus, the nominal pricing kernel is 



Equation 15 



and the following transversality condition is imposed 



10 



MmE, 



n 



Equation 27 



Equation 16 



The price-dividend ratio of Equation 26 is highly non- 
linear and cannot be easily evaluated because expectations 
35 must be taken over complicated distribution of future pricing 
kernel and dividend variables. Therefore, in one 
The nom inal pricing kernel is use d to generate nominal _ embodiment, equilibrium price-dividend ratio is calculated 
prices of asseis^^^ ' as the infinite sum of exponentials of afiBne functions in three 

M. BUiid Puciug variables • 

In one embodiment, using the pricing kernel of Equation 20 
16, the price of any zero-coupon bond is determined by 



Equation 28 



1 = E,[cxpK+,)^^^^j 



Equation 17 



where 



25 



, , 1 - Equation 29 



Equation 18 



where is the price at time t of a zero-coupon bond with 
maturity n. Also, p^-ln(P„,) and the n period continuous 
bond yield y„j is 

Pfa Equation 19 



30 



= 5 + ^Xp^ + Ml + ^i'i of 



Equation 30 
Equation 31 



35 



In one embodiment, p^ is 
where 

AM 1 



Equation 20 40 



and 

//+i"7+/*Prf Equation 32 

In one embodiment, Equations 27-30 are evaluated using 

o-^ Equation 33 

fli = a /id + -t- — - Mff 



Equation 21 
Equation 22 

Equation 23 



45 



/)i=5— 1 



Cl =7= —-Pn 



Equation 34 
Equation 35 
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and 

f i=J=Prf Equation 36 

A^Ba=C^fO. Equation 24 55 and 



Thus, by using the equations discussed above, bond pricing 
may be determined for both long-term and short-term bonds. 
I. The Pricing of Equity 

In one embodiment, the pricing of equity is determined by 

V>£jM,,i(D,,i+V,,0] Equation 25 

where V, is the nominal value of the stock market at time t 
and Df^i represents equity dividend values. Thus the price - 
dividend ratio (which is the same in real and nominal terms) 
is 



ao=fco=Co=/o=0 Equation 37 

Equation 28 may be determined as an infinite sum by 
60 computations well known in the art. However, as a 
simplification. Equation 28 may be approximated by a 
summation of a finite number of terms. Alternatively, Equa- 
tion 28 may be approximated to a high degree of accuracy 
by a summation of polynomial terms of the state variables 
65 using linear regression methodology described below. 

Additionally, in one embodiment, stock returns (R^^j) are 
determined according to: 
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In one embodiment, the equity returns are mapped from 
the state variables via a simple linear function. Because the 
relationship between the state variables and equity returns is 
non-linear, a linear function provides only an approxima- 
tion. The fit between the state variables and equity returns 
can be improved by using a log-linear mapping. In a 
log-linear mapping, the equity returns are transformed via a 
logarithmic function prior to mapping with the state vari- 
ables according to ln[RJ where R, is the equity return value. 
The mapping can be improved further through use of a 
quadratic mapping between the state variables and return 
values. Of course, increasing the degree of the mapping, for 
example, to third-order terms would increase accuracy fur- 
ther. However, increasing the degree of fit beyond third- 
order terms provides little improvement with an increased 
cost of computing resources. 

Computer Systems fpr a Fin an rial /^f^viVnrjr Vyrtnm having 

a Pricing Module 

FIG. 3 is one embodiment of a network that may provide 
a financial advisory system having a pricing module accord- 
ing to the present invention. As mentioned above, modules 
of a financial advisory system may reside on different 
computers. For reasons of simplicity, only two client and 
two servers are included in FIG. 3; however, any number of 
clients and servers may be used. 

Network 300 provides a connection between one or more 
clients, such as clients 320 and 330 and one or more servers, 
such as servers 340 and 350. Network 300 may be any type 
of network. For example, network 300 may be the Internet 
and the clients and servers connected thereto may be World 
Wide Web (WWW or the Web) servers and clients. Thus, a 
Web page may include modules of a financial advisory 
system. Alternatively, network 300 may be an intranet, such 
as a local area network (LAN) or a wide area network 
(WAN), or network 300 may be a telephone system. If 40 
network 300 is a telephone system, clients and servers are 
connected via modems (not shown in FIG. 3) in a manner 
well known in the art. 

In one embodiment, pricing module 110 resides in clients 
320 and 330 while the remaining modules of the financial 
advisory system reside on one or more servers. For example, 
parameter module 100 may reside in server 340. Clients 320 
and 330 communicate with server 340 to obtain state vari- 
able data and free variable data. Simulation module 140 may 
reside on server 350, such that clients 320 and 330 commu- 
nicate the pricing data output from pricing module 110 to 
server 350 for simulation, Alternatively, simulation module 
140 may reside on clients 320 and 330, which permits 
distributed processing of simulation scenarios. Of course, 
other combinations may also be used, such as pricing 
module on a client and the remaining modules on a single 
server, or more widely distributed modules on clients or 
servers. 

FIG. 4 is one embodiment of a computer system upon 
which an embodiment of the present invention can be 
implemented. The computer system of FIG. 4 may be either 
a client or a server of FIG. 3. 

Computer system 400 comprises a bus 401 or other 
communication means for communicating information, and 
a processor 40 coupled with bus 401 for processing infor- 
mation. Computer system 400 further comprises a random 
access memory (RAM) or other dynamic storage device 
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\ 404, coupled to bus 401 for storing information and instruc- 
tions to be iised by processor 40. Computer system 400 also 
comprises a read only memory (ROM) and/or other static 
storage device 406 coupled to bus 401 for storing static 
information and instructions for processor 40. Data storage 
device 407 is coupled to bus 401 for storing information and 
instructions. 

A data storage device 407 such as a magnetic disk or 
optical disc and its corresponding drive can be coupled to 
computer system 400. Computer system 400 can also be 
coupled via bus 401 to a display device 421, such as a 
cathode ray tube (CRT), or a liquid crystal display (LCD) for 
displaying information to a computer user. An alphanumeric 
input device 422 such as a keyboard is typically coupled to 
bus 401 for communicating information and command 
selections to processor 40. Another type of user input device 
is cursor control 423, such as a mouse, a trackball, or cursor 
direction keys for communicating direction information and 
command selections to processor 40 and for controlling 
cursor movement on display 421. 

In the foregoing specification, the invention has been 
described with reference to specific embodiments thereof. It 
will, however, be evident that various modifications and 
changes may be made thereto without departing from the 
broader spirit and scope of the invention. The specification 
and drawings are, accordingly, to be regarded in an illus- 
trative rather than a restrictive sense. 
What is claimed is: 

1. In a computer system, a method for pricing equity 
securities and fixed-income securities having a no arbitrage 
constraint, the method comprising: 

determining a fixed-income security pricing based on an 
inflation value, a real rate value and a term structure 
parameter; 

determining equity security pricing based on the inflation 
value, the real rate value, the term strucmre risk 
parameter, a dividend growth value, and an equity 
correlation parameter; and 
generating pricing data corresponding to the fixed-income 
security pricing and the equity security pricing. 

2. The method of claim 1, wherein the fixed-income 
securities comprise: 

one or more short term-bonds; and 
one or more long-term bonds. 

3. The method of claim 1, wherein the equity securities 
comprise one or more stocks, mutual frinds, warrants, stock 
options, or derivative equity securities. 

4. The method of claim 1 further comprising receiving the 
inflation value. 

5. The method of claim 1 further comprising receiving the 
real rate value. 

6. The method of claim 1 further comprising the step of 
receiving the term structure risk parameter. 

7. The method of claim 1 further comprising the step of 
receiving the dividend growth value. 

8. The method of claim 1 further comprising the step of 
receiving the equity correlation parameter. 

9. The method of claim 1, wherein the term structure risk 
parameter and the equity correlation parameter are deter- 
mined such that when determining fixed-income security 
pricing and determining equity security pricing are per- 
formed for one or more chosen historical times that the 
pricing approximates observed fixed-income security pric- 
ing and observed equity security pricing for the chosen 
historical times. 

10. The method of claim 1, wherein the inflation value is 
determined as a heteroskedastic stochastic process. 
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11. The method of claim 10, wherein the inflation value at 
time t+1 (jt,^^) is determined acxx)rding to: 



where 

/f„ is a constant determined based on an unconditional 
mean for observed inflation over a period of time, 

p„ is a first-order autocorrelation for the observed infla- 
tion over the period of time, 

Kf is an inflation value for time t, 

c^^ is selected such that a standard deviation of a plurality 
of predicted inflation values corresponding to the 
period of time is approximately equal to a standard 
deviation of the observed inflation for the period of 
time, and 

€^i" is a value chosen by a standard normal random 
deviate function. 

12. The method of claim 1, wherein the real rate of interest 
value is determined as a heteroskedastic stochastic process. 

13. The method of claim 12, wherein the real rate value 
at time t+1 (Xr+i) is determined according to: 



16 



where 

// J is a constant determined based on an unconditional 
mean for observed dividend growth over a period of 
time, 

^ Pd is a first -order autocorrelation for the observed divi- 
dend growth over the period of time, 
Xj is a dividend growth value for time t, 
&j is selected such that a standard deviation of a plurality 
10 of predicted dividend growth values corresponding to 
the period of time approximately equal to a standard 
deviation of observed dividend growth for the period of 
time, and 

e^^i^'' is a value chosen by a standard normal random 
15 deviate function. 

18. The method of claim 1, wherein the term structure risk 
(X) value is approximately equal to a slope of a yield curve 
at a particular time for a representative investor. 

19. The method of claim 1, wherein the equity correlation 
20 (p) value is determined based on observed equity behavior 

with respect to observed bond behavior. 

20. The method of claim 1, wherein the step of determin- 
ing fixed-income security pricing comprises the step of 
determining an n-period yield (y^) according to: 



25 



where 

is a constant determined based on an unconditional 30 
mean for observed real rate over a period of time, 
is a first-order autocorrelation of the observed real rate 
of interest over the period of time, 
is a real rate value for time t, 
&^ is selected such that a standard deviation of a plurality 
of predicted real rate values corresponding to the period 
of time is approximately equal to a standard deviation 
of the observed real rate of interest over the period of 
time, and 

€.j^^^ is a value chosen by a standard normal random 
deviate function, 

14. The method of claim 13, wherein the estimated real 
rate of interest is determined based on a short-term nominal 
rate of interest and a value of inflation is based on expected 45 
inflation and the nominal short-term rate of interest. 

15. The method of claim 14, wherein the short-term 
nominal rate of interest is determined according to: 



r, = X, + + p7^^, ■ 



50 



where 

jti^ is a constant determined based on an unconditional 55 
mean of observed inflation over a period of time, 
is a first-order autocorrelation for inflation over the 
period of time, 
Tif is an inflation value for time t, and 

is a variance of the innovations in the inflation 
process over the period of time. 

16. The method of claim 1, wherein the dividend growth 
value is determined as a homoskedastic stochastic process. 

17. The method of claim 16, wherein the dividend growth 
value at time t+1 (Ad^^.i) determined according to: 



where 

p„f is a logarithm of a time, t, of a default-free bond paying 

one dollar in n years. 
21. The method of claim 20, wherein p„^ is: 



where 



and 



and where 

Xf is a real rate value for time t, 

jtf is an inflation value for time t, 

is a constant determined based on an unconditional 
mean for observed inflation over a period of time, 

pL^\s K constant determined based on an unconditional 
mean for observed real rate over the period of time, 
is a first order autocorrelation of the observed real rate 
of interest over the period of time, 

X is approximately equal to a slope of a yield curve at a 
particular time, 

a'„ is selected such that a standard deviation of a plurality 
of predicted inflation values corresponding to the 
period of Lime is approximately equal to a standard 
deviation of the observed inflation for the period of 
time, 

p„ is a first order autocorrelation for the observed inflation 
over the period of time, and 
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is a variance of the observed inflation over the period 
of time. 

22. The method of claim 1, wherein determining equity 
security pricing comprises determining a price to dividend 
ratio at a time, t, (pd,) according to: S 



10 



where 



and 
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Oo-bQ-Co-fQ-Q 

and where 

X, is a real rate value at time t, 30 
is an inflation value at time t, 

Ad, is a dividend growth value at time t, 

/i„ is a constant determined based on a mean for observed 
inflation over a period of time, 35 

p„ is a first-order autocorrelation for the observed infla- 
tion over the period of time, 

ct^^ is a variance of the observed inflation over the period 
of time, 

/^j^ is a constant determined based on a mean for observed 

real rate over the period of time, 

is a first-order autocorrelation of the observed real rate 

of interest over the period of time, 
&y. is selected such that the variance of an inflation 

process is approximately equal to observed inflation 

over the period of time, 

is a constant determined based on a mean for observed 
dividend growth over the period of time, 

prf is a first-order autoconrelation for dividend growth over 50 
the period of time, 

o'j is selected such that a standard deviation of a plurality 
of dividend growth values corresponding to the period 
of time is approximately equal to a standard deviation 
of observed dividend growth for the period of time, and 55 

p is the equity correlation parameter. 

23. The method of claim 22, wherein equity security 
returns are determined according to: 



60 



where V is a value of a stock market. 

24. In a computer system, a method for pricing equity 65 
securities and fixed-income securities having a no arbitrage 
constraint, the method comprising: 



determining a term structure risk parameter based on 

observed term structure data; 
determining an equity correlation parameter based on a 

correlation between equity dividends and fixed-income 

securities; 

determining a heteroskedastic inflation value; 

determining a heteroskedastic real rate value; 

determining a homoskedastic dividend growth value; 

pricing fixed-income securities based on the term struc- 
ture risk parameter, the inflation value and the real rate 
value; and 

pricing equity securities based on the term structure risk 
parameter, the inflation value, the real rate value, the 
dividend growth value, and the equity correlation 
parameter; and 

generating pricing data corresponding to the fixed-income 
security pricing and the equity security pricing. 

25. A system for analyzing asset portfolios comprising: 
a value module that provides one or more values; 

a pricing kernel communicably coupled to the value 
module, the pricing kernel to generate prices for fixed- 
income securities based on a term structure risk 
parameter, an inflation value and a real rate value and 
to generate prices for equity securities based on the 
term structure risk parameter, the inflation value, the 
real rate value, a dividend growth value, and an equity 
correlation parameter, wherein the pricing of fixed- 
income securities and the pricing of equity securities 
are subject to a no arbitrage constraint; and 

a simulation module communicatively coupled to the 
pricing kernel, the simulation module to estimate future 
asset worth based on the prices generated by the pricing 
kernel, the simulation module to generate pricing data 
corresponding to the fixed-income security pricing and 
the equity security pricing. 

26. The system of claim 25, wherein the fixed-income 
securities comprise: 

one or more short term-bonds; and 
one or more long-term bonds. 

27. The system of claim 25, wherein the equity securities 
comprise one or more stocks. 

28. The system of claim 25 wherein the parameter module 
provides the inflation value. 

29. The system of claim 25 wherein the parameter module 
provides the real rate value. 

30. The system of claim 25 wherein the parameter module 
provides the term structure risk parameter. 

31. The system of claim 25 wherein the parameter module 
provides the dividend growth value. 

32. The system of claim 25 wherein the parameter module 
provides the equity correlation parameter. 

33. The system of claim 25, wherein the inflation value is 
determined as a heteroskedastic stochastic process. 

34. The system of claim 25, wherein the real rate value is 
determined as a heteroskedastic stochastic process. 

35. The system of claim 25, wherein the dividend growth 
value is determined as a homoskedastic stochastic process. 

36. An apparatus for pricing fixed-income securities and 
equity securities having a no arbitrage constraint, compris- 
ing: 

an input device; 

an output device; and 

a processor coupled to the input device and to the output 
device to output pricing of fixed-income securities and 
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equity securities, wherein fixed-income securities are 
priced based on a term structure risk parameter, an 
inflation value and a real rate value, and further wherein 
equity securities arc priced based on the terra structure 
risk parameter, the inflation value, the real rate value, a 
dividend growth value and an equity correlation param- 
eter. 

37. The apparatus of claim 36, wherein the term structure 
risk parameter is determined based on a slope of an observed 
yield curve relevant to a representative investor. 

38. The apparatus of claim 36, wherein the equity corre- 
lation parameter is determined based on observed dividend 
behavior and with respect to observed bond behavior. 

39. The apparatus of claim 36, wherein the term structure 
risk parameter and the equity correlation parameter are 
determined such that when fixed-income securities and 
equity securities are priced for one or more chosen historical 
times that the prices approximate observed fixed-income 
security prices and observed equity security prices, 
respectively, for the one or more chosen historical times. 

40. A machine readable medium having stored thereon 
sequences of instructions, which when executed by one or 
more processors, cause one or more electronic devices to: 

determine a term structure risk parameter based on evalu- 
ation of a user; 

determine an equity correlation parameter based on a 
correlation between equity dividends and fixed-income 
securities; 

n equity correlation parameter based on a correlation 
between equity dividends and fixed-income securities; 

determine a heieroskedastic inflation value; 

determine a hetroskedastic real rate value; 

determine a homoskedastic dividend growth rate; 

price fixed-income securities based on the term structure 
risk parameter, the inflation value and the real rate 
value; 

price a equity securities based on the term structure risk 
parameter, the inflation value, the real rate value, the 
dividend growth value, and the equity correlation 
parameter; and 

generate pricing data corresponding to the fixed-income 
security pricing and the equity security pricing; 

wherein pricing fixed-income securities and pricing 
equity securities are subject to a no arbitrage constraint. 

41. The machine readable medium of claim 40 wherein 
the fixed-income securities comprise: 

one or more short-term bonds; and 
one or more long-term bonds. 

42. The machine readable medium of claim 40 wherein 
the equity securities comprise one or more stocks, mutual 
funds, warrants, stock options, or derivative equity securi- 
ties. 
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43. The machine readable medium of claim 40, wherein 
the term structure risk parameter and the equity correlation 
parameter are determined such that when determining fixed- 
income security pricing and determining equity security 

5 pricing are performed for one or more chosen historical 
times that the pricing approximates observed fixed-income 
security pricing and observed equity security pricing for the 
chosen historical times. 

44. The machine readable medium of claim 40, wherein 
10 the term stmcture risk (X) value is approximately equal to a 

slope of a yield curve at a particular time for a representative 
investor. 

45. The machine readable medium of claim 40, wherein 
the equity correlation (p) value is determined based on 

15 observed equity behavior with respect to observed bond 
behavior. 

46. A machine readable medium having stored thereon 
sequences of instructions, which when executed by one or 
more processors, cause one or more electronic devices to: 

20 determine a fixed-income security pricing based on an 
inflation value, a real rate value and a term structure 
parameter; 

determine equity security pricing based on the inflation 
value, the real rate value, the term structure risk 
25 parameter, a dividend growth value, and an equity 
correlation parameter; and 

generate pricing data corresponding to the fixed-income 
security pricing and the equity security pricing. 

47. The machine readable medium of claim 46 wherein 
^0 the fixed-income securities comprise: 

one or more short-term bonds; and 
one or more long-term bonds. 

48. The machine readable medium of claim 46 wherein 
the equity securities comprise one or more stocks, mutual 
ftinds, warrants, stock options, or derivative equity securi- 
ties. 

49. The machine readable medium of claim 46, wherein 
the term structure risk parameter and the equity correlation 
parameter are determined such that when determining fixed- 
income security pricing and determining equity security 
pricing are performed for one or more chosen historical 
times that the pricing approximates observed fixed-income 
security pricing and observed equity security pricing for the 
chosen historical times. 

50. The machine readable medium of claim 46, wherein 
the terra stmcture risk (X) value is approximately equal to a 
slope of a yield curve at a particular time for a representative 
investor. 

51. The machine readable medium of claim 46, wherein 
the equity correlation (P) value is determined based on 
observed equity behavior with respect to observed bond 
behavior. 

^ >^ * * * 
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